The integration of renewable energy at the building level is increasing in popularity but brings many challenges. Energy storage, or batteries, is a potential solution to these challenges, but no currently available technology is objectively the best battery. This paper reviews promising startup company energy storage technologies at the building level, and organizes them into the following categories: cheaper, better, and greener. The amount of funding, which could be an indicator of future success, is also reviewed. Six energy storage technologies and funding for the respective startup companies were reviewed. The technologies reviewed were all found to have both advantages and disadvantages, and Aquion Energys "green" battery was found to have received the most funding. However, with recent policy trends and a quickly moving startup culture, the energy storage industry will most likely see more activity with new technologies and companies emerging quickly.
I. INTRODUCTION
Renewable energy from wind or solar is increasing in popularity as a means of supplementing or replacing the traditional energy source (the grid) at the building level. However, there are many challenges that need to be addressed when incorporating renewable energy sources, such as reliability issues and intermittency. Renewable energy sources vary with time, weather, and seasons, and the patterns are not consistent enough to be reliable. The intermittent nature of wind and solar energy prevent these renewable sources from becoming large staples of the energy sector on their own, due to their inability to provide firm, dispatchable power. Natural production times for wind and solar also do not necessarily coincide with peak demand times. Furthermore, electricity producers are apprehensive of the idea of incorporating mass amounts of unreliable energy sources to the grid because of the potential for grid instability.
A solution to these concerns is to use energy storage, or batteries, at the building level for the energy being produced onsite. Batteries provide the capability of storing electricity during peak energy production periods, and dispatching the energy when the renewable energy source is no longer available. This method is called energy arbitrage or time shifting, and can turn inherently variable energy resources into dispatchable energy sources. As seen in Equation 1.
In addition, energy storage can be economically beneficial to the consumer by allowing for peak shaving. Since the majority of wind power is generated during the night when energy demand is low, and solar power is produced intermittently when the sun is shining, the energy produced during those times may be stored and dispatched during peak demand times. This method allows for less grid electricity use, which means lower demand rates and usage rates for the consumer. Peak shaving is also beneficial to the grid or power generators by decreasing the load on already congested transmission lines and leveling out demand fluctuations on power generating equipment. Although a myriad of potential energy storage technologies do currently exist in various research or startup stages, a particular technology has yet to take over the market. It seems as though no product is commercially or economically viable enough to be widely implemented. However, recent trends in policy decisions supporting the addition of energy storage to the grid around the world, as well as the increasing popularity of local renewable energy production, are putting pressure on the industry to accelerate the development of cost-effective technologies. Coupling these pressures with the currently booming startup culture, it is only a matter of time before commercially viable energy storage options are readily available and accessible.
The goal of this paper is to review the close-to-market technologies for energy storage at the building level, their advantages and disadvantages, and their potential for success. Many promising technologies will fail simply due to the lack of ability to transition from the lab to the market. As such, this paper will focus on established energy storage startup companies, which have the most potential in bringing a new technology to market quickly. The startup companies that were reviewed were chosen based on recent media coverage. Since the startup world is run by investors that are not necessarily scientists, it can be said that the potential for success of a startup company boils down to pitches to investors as opposed to perfect science. With almost all startups, pitches will mostly likely fall into the following categories: cheaper, better, or greener. As such, the startup companies being reviewed will be organized within these three categories. It is important to note that there will inevitably be overlap within these categories. Startup funding, which is an indicator of marketability and potential for success, will also be reviewed. 
II. CHEAPER
In order to have market viability, a potential battery option needs to be cost-effective, which can come from low manufacturing costs or low implementation costs. Cost may be the only deciding factor for some customers, and there will most likely always be a market for low-cost options. The price at which a potential energy storage technology may be competitive in the market is typically determined by using its Levelized Cost of Energy (LCOE), which is a normalized cost that allows for comparison across technologies with different efficiencies, capacity factors, and useful lives. The LCOE in dollars per kilowatt-hour ($/kWh) of the potential technology is compared with that of the currently used technology. For energy storage technologies used for renewable energy integration and time shifting, the LCOE of potential technologies would be compared to that of a combined cycle gas turbine (CCGT), which is the least expensive and current option for this use. The Electric Power Research Institute (EPRI) calculated these numbers in 2010.
1 EPRI calculated LCOE ranges by dividing the total costs (including construction, finance, operation, and maintenance) by the technologys useful output, and normalizing to have a consistent baseline for the comparison. As shown in Figure 1 , the LCOE range for a CCGT is approximately $0.10-0.15 per kWh, 1 and is represented by dotted lines in the graph. In order for a startup energy storage technology to be competitive, its LCOE must be close to that range. Pumped hydro (PH) and below ground compress air energy storage appears to have comparable LCOE numbers.
The next sections will review two startup companies that tout low-cost technologies. Eos Energy Storage (Eos) provides zinc-air batteries, which fall under the category of metal-air electrochemical cell technology. Metal-air batteries generate electric current by coupling an electropositive metal with oxygen in the air. The typical metals used are zinc, aluminum, magnesium or lithium. A great advantage of zinc-air battery technology is that the metal used is relatively low in cost due to abundance. In addition, the energy density can be up to three times that of lithium-ion batteries. Zinc-air batteries are also very stable and do not contain or produce toxic materials or gases. In fact, the primary material in the zinc-air battery, zinc-oxide, is 100% recyclable.
2
Unfortunately, zinc-air batteries typically have poor recharging capabilities because of degradation issues. Carbon dioxide from the air impacts the electrolyte and cathode, zinc dentrite formation changes the battery makeup, and thermal conditions must be managed. The performance of zinc-air batteries turns out to be a roundtrip efficiency below 50 percent2. Exposure to ambient air conditions such as humidity or the presence of airborne contaminants can also affect the performance. Lastly, while the metals may be cheap, the technology for the air electrodes is relatively complex and expensive.
Eos zinc-air battery uses a zinc hybrid cathode technology called Znyth TM and claims to have addressed typical zinc-air battery issues while still maintaining its low cost and increasing its life cycle to 30 years.
3 Zinc dentrite formation is deterred in Znyth TM batteries because the electrolyte is aqueous and near neutral pH, and does not absorb carbon dioxide. 3 The current collector is titanium with proprietary ceramic coating, which does not lose conductivity, is non-corrosive, and self-heals.
3 Most importantly, Eos improved the zinc-air batterys energy density and roundtrip efficiency by using proprietary electrolyte additives, buffering agents, cathode chemistries, and electro-active catalysts.
3 In addition to these many
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advances, Eoss battery manufacturing costs are kept low by a highly standardized manufacturing process. Overall, the greatest advantage of Eoss battery is its low capital cost. Eos claims a LCOE of $0.12-0.17 per kWh of peak electricity, 3 which is lower than the LCOE range given in EPRIs report in 2010 of approximately $0.20-0.25 per kWh.
1 Eos LCOE is also comparable to conventional combined cycle gas turbines.
B. Ambri
According to Ambris website, Ambris battery is the only all-liquid metal battery currently on the market or even in development. 4 The active components in an allliquid metal battery cell include two liquid electrodes and a molten salt electrolyte that are not separated but selfsegregate due to differences in density and immiscibility levels. While discharging, the electrons move from one electrode to the other, causing the liquid ions to follow and create an alloy with the ions on the other side. While charging, the electrons are moved back to their original electrode, which also separates the alloy and returns the system to its original state with three liquid layers. The initial technology consisted of magnesium and antimony electrodes that created a magnesium-antimony alloy; however, Ambri has since switched to a cheaper and higher voltage chemistry that has not been released to the public. The technology is low cost due to the use of materials that are inexpensive and abundant, and the use of economies of scale during manufacturing. As for performance, Ambris battery has been demonstrated in the lab to last over 1,600 cycles at full depth of charge, with a 0.0002% fade rate per cycle 4. Liquid electrodes typically exhibit longer life cycles than conventional solid electrodes that typically degrade over time. For example, the fade rate of a lead-acid battery at the same operating conditions is approximately 0.1% per cycle. 4 Ambri forecasts that their liquid metal battery will eventually have a life cycle of over 15 years with tens of thousands of cycles. 4 Lastly, this liquid metal battery is emissions-free and can store up to 4-6 hours of energy. 4 This battery must be operated at high temperatures, which may seem to be a drawback at first, but the elevated temperatures are provided by self-heating from charging and discharging.
Unfortunately, a LCOE for Ambris battery was not available for inclusion in this paper.
III. BETTER
Many products that are better usually come at a higher cost; however, good performance is sometimes a must depending on the application. Startup companies may claim their battery is better because of many different
The performance qualities of an energy storage technology are usually reported in the following categories: energy storage capacity or size in megawatts (MW); discharge duration, or the amount of time energy can be discharged; the number of cycles or the number of uses; response time, which is typically less than one minute; and the desired lifetime.
The International Energy Agency (IEA) and EPRI compiled performance criteria needed for energy storage systems for different applications.
1, 5 The characteristics needed for the integration of renewable energy were compiled in Table II . These characteristics would specifically be useful for photovoltaic integration, time shift, voltage sag, and rapid demand support; and home energy management, which requires efficiency, cost-savings, and reliability. The following two startup companies claim to have high performing batteries.
A. UniEnergy Technologies
UniEnergy Technologies (UET) uses a vanadium reduction and oxidation (redox) flow battery. In flow batteries, energy is stored in liquid electrolytes instead of in conventional electrodes. A flow battery consists of external tanks and half-cells with an ion-selective membrane. When needed, the electrolytes from the external tanks are pumped to the half-cells, in which the ions are exchanged through the membrane. When charging, the ions at the negative electrode accept electrons, while the ions at the positive electrode release electrons. The electrical energy is stored chemically via this process. When discharging, the chemical energy is released in the form of electrical energy as the reactions reverse. UETs flow batteries use vanadium as the ion.
The basic structure of a redox flow battery allows for customer customization regarding the power/energy ratio specifications. The capacity of each battery is based on the tank size, which is not fixed. Similar to Ambris battery, the vanadium redox flow battery also basically has an unlimited life cycle because of the avoidance of conventional insertion and de-insertion of ions at electrodes. As such, the integrity of the physical structure B Primus Power IV GREENER such as the tanks and plumbing, as well as the electronics and controls is maintained. The only limiting factor for life cycle is the cell stack, which has a useful life of approximately 10 years, 2 and a cycle life that is normally rated at 10,000 cycles.
2 In addition, electrolyte management is reduced with vanadium redox flow batteries because fully discharged electrolytes are identical, making shipping and storage of these batteries fairly inexpensive and simple; and self-discharge is not an issue because the electrolytes are stored in separate tanks. Lastly, these batteries can ramp from zero to full output within milliseconds.
2
The vanadium redox flow battery does have a few disadvantages in terms of performance, such as a low energy density, stability issues, and toxicity. The energy density of these batteries is approximately ten times lower than that of mobile lithium ion batteries. The active material form is not relatively stable because the vanadium irreversibly precipitates out of the battery if in operation outside of its optimal temperature range (10 to 40
• C). Finally, the solid ion exchange cell membrane is toxic when exposed.
However, UET uses a new technology that originated from research at the Pacific Northwest National Laboratory (PNNL), and the sulfate-chloride based complex chemistry used in UETs vanadium redox flow battery has reportedly greatly improved the performance6. First, this battery has double the energy density of a typical vanadium redox flow battery6. With UETs modular design, a UET energy storage system can have hold up to 23 megawatts (MW) per acre, or 46 MW per acre with a stacked configuration.
6 Second, the battery response time is down to 0.8 milliseconds, and the total response time from fully charging to fully discharging (or the reverse) is down to 50 milliseconds, which is limited only by communication and controls. 6 And third, this battery reportedly has no reduction in calendar life after continuous cycling. 6 UETs battery seems to have the performance qualifications in terms of size, cycles, and response time.
On top of those performance characteristics, UETs battery energy efficiency is up to 65-70% in AC/AC efficiency, 80% in electrochemical efficiency, and 97.5% in AC/DC conversion efficiency). 6 The battery also has an improved stability with an operation temperature range of -40 to 50
• C.
6

B. Primus Power
Primus Powers product is called an "EnergyPod", which is a zinc-halogen flow battery. This technology is similar to UETs flow battery technology, except that the electrolyte is zinc-based and the system structure is different. According to an interview with CEO Tom Stepien, 7 the EnergyPod structure is different in that it only consists of one tank, one flow loop, one pump, and no separator. This simple design makes the EnergyPod more efficient than the typical flow battery with two tanks and a separator. In addition, the EnergyPods electrode is metal and thus has a higher conductivity, whereas a typical flow battery would have felt or plastic electrodes.
EnergyPods are modular, so a custom system can be built at increments of 280 kW to meet size requirements, and energy can be discharged for a period of 4 to 5 hours.
8
EnergyPods also have a long life cycle of 20 years that is independent of depth of discharge.
8 Primus Powers battery appears to have the performance qualifications in terms of size, discharge duration, and desired lifetime.
In addition to those characteristics, Primus Powers EnergyPod also has a 70% AC/AC efficiency and is reportedly emission-free and cost-effective compared to natural gas and diesel energy sources.
8 Finally, unlike the other batteries, the EnergyPod also includes computing and software. The entire price for the EnergyPod complete with computing and software is $500 per kWh. 
IV. GREENER
"Green" seems to be the popular word in the market, even in the battery world. The first benefit of "green" batteries is the level of safety of these environmentally friendly technologies. "Green" batteries typically use technologies that are less toxic and less prone to combustion. The second benefit of "green" batteries is the marketability. "Green" or environmentally friendly batteries may be conventionally counter-intuitive and receive more attention, which can raise its marketability and chances of success. The next two startup companies have environmentally friendly or "green" batteries.
A. Aquion Energy
Aquion Energy (Aquion) provides an Aqueous Hybrid Ion (AHI TM ) battery that uses a 200-year old ecofriendly technology: saltwater batteries.
9 These aqueous hybrid ion batteries use a unique saltwater or waterbased electrolyte with sodium lithium, and hydrogen ions to store and release energy; an activated carbon anode with a high surface area that uses capacitive interaction for charging; a manganese oxide cathode with intercalation reactions instead of the more corrosive and conventional electrode surface reaction; a synthetic cotton separator that separates the electrodes and electrons, but allows the sodium ions to flow through; and stainless steel current collectors for the electrons to flow from the electrodes.
9 All these materials are nonhazardous, noncorrosive, and noncombustible, as well as relatively abundant and hence, inexpensive.
9
Although these batteries consist of such innocuous materials, unlike most other energy storage technologies, the performance is still very competitive with other technologies. According to Aquions website, their MLine products have a life cycle of 3,000-plus cycles, a deep discharge depth of 100%, and a roundtrip DC efficiency of 85% at a 20 hour discharge that is higher than most in the industry.
9 These batteries are also sturdy and not tolerant of abuse, not greatly affected by selfdischarge, and requires no thermal management or regular maintenance.
9 On top of these great performance characteristics, Aquions battery is relatively cheap to produce at $250 per kWh9 (note: this price is not a LCOE).
B. Imergy Power Systems
Imergy Power System (Imergy) also has a vanadium redox flow battery like UniEnergy Technologies battery; however, Imergys battery is produced from recycled vanadium. Recycled vanadium is lower in cost than virgin vanadium by 40 percent. 10 The industry benchmark for vanadium redox flow batteries is $500 per kWh, but with the cheaper recycled vanadium, Imergys goal is to be under $300 per kWh.
10
Recycled vanadium is most cost-effective because the vanadium is recycled from environmental waste materials such as mining slag, oil field sludge, and fly ash, which have little to no market value. It would seem as though using recycled vanadium would lower the performance of the battery, but a purity of 98 % can actually be reached via this process10. Conventional vanadium flow battery manufacturers typically use virgin vanadium and obtain a purity of 99%.
According to Imergy, this relatively low-grade vanadium also has the ability to store more than twice the energy per kilogram than regular vanadium flow batteries, and has a round-trip efficiency of 70 %.
V. FUNDING
Funding is an integral part of the success of any startup company. Without a steady flow of revenue or an established presence, a startup company relies completely on funding in order to develop a product and bring it to market. The amount of funding a startup company receives may be an indicator of the markets need or demand.
For the purposes of this study, funding amounts were researched on the CrunchBase database. This free database reports on technology companies, including funding amounts for startup companies. While guidelines exist to protect content accuracy and quality, anyone can technically contribute to the database. Figure 2 shows the funding information for energy storage startup companies that was available on CrunchBase.
11
UET funding information was not available because UET is a privately held company. UET was still considered for this review, however, because they are building on federal research. The technology was licensed earlier this year from the Department of Energys Pacific Northwest National Laboratory.
12
FIG. 2: Funding Amounts of Energy Storage Startup
Companies.
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VI. CONCLUDING REMARKS
The energy storage startup companies reviewed in this paper all have battery technologies that could each do well in a specific market. The"cheaper" batteries could have a market in which cost is the deciding factor. Since most projects are underfunded and/or over budget, this market will potentially be the largest. There could also be a niche market for "better" batteries for applications that need higher performing batteries. As for "green" batteries, its potential market could be for applications that demand safety and nontoxicity.
However, with startup companies, the existence of a market is not the only factor that determines the fate of the company or its technology. Startup companies also require funding, and thus, investor support, in order to be successful. While different technologies have their own advantages and disadvantages, if amount of funding is an indicator of future success, Aquions "green" battery is leading the pack.
It is important to note that the energy storage industry will likely see more activity because of policies and mandates regarding renewable energy and energy storage for the grid. In addition, the startup world moves so quickly that new technologies still in research laboratories may reach the market sooner than anticipated. 
